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in 8 standard shelter a t  the station, the thermometer in 
the open and the thermometer in a shelter at the bottom 
of a neighborin arro o (dry river bed) 14 feet below the 
station. The h umi 2 itx that prevails during the con- 
tinuance of a “norther is shown by the chart of March 
16, and the curve of observed humidity is shown by the 
hygrogram of March 16-20, 1914. Mr. Garthwaite tells 
me that he has observed the varying currents of wind 
in the earl morning, when smudge fires were first 
started, to 9 ollow the contours in a most accurate way. 
He is constructing (I delicate wind register so as to show 
the relntive direction and force of the wind in the arroyo 
and a t  his station. If it were feasible, it might. seem 
advisable to furnish the cooperative observer two ano- 
mometers md a re ‘ster on which would be recorded 
both the station an % the arroyo winds. Another ther- 
mo aph for uae in the arroyo would also give int,eresting 
anEnstructive results. 

Pessdena ..._.... 
Pomona ..._...... 
Redlands ........ 
Riverside.. ...... 
San Bernarcllno.. 
Sanl.8 Barbara... 

FIG. 4.- 

Los ANGELBS, CAL., M O ~ A Y ,  MAB. 16, 1914. 

WORECbST TILL 6 ?. Y. TVESDAT. 

FW Lor A npu and oicfW!f: E’ak to-night and Tuesday. Moderate northerly to 
FW .aOl~mnla, d o f t b  !Pdaclifpi: Fak to-night and Tu&y. 

euterlv win 2. 

- 
WEATRER COX?DITIOXLI. 

Clear ...... 83 50 aoO 31.n 
Clear ...... 77 13 .on 25.58 
Clear ._.... 82 50 .oO 15.59 
Clear _..... 79 IS .oO 12.51 
Clear ..._.. 83 45 .oO 17.20 
Clesr ...... 6S 46 .W 28.1 

The bsrometrb prpssure wntinms hph from Oregon and Wsshhgton southeasterly 
to Florida nnd Ialr weather and moderate temperatom prevail throughout the greater 
portlo? oI the Ihlted Rtates. A moderate mthaestsrly gale is in prngress at Rii(la10. 
We are entering on the Inurth conqecrltive wrek without storms on the Pnciflc slope. 

The hnrometer remains hlgh in the Northwst and rnoderatelv low In the vnllev 01 the 
Colorado. Thls considerable diUrFcc in pressure conc!ltiondrill I.rlng about ‘marked 
*‘northnr’’ weather during the ensuing 36 hqm. Wurnln of moderate to strong north- 
erly and northeasterly whds WL’B(I senl Iiy wlreless to Avakn thls morning at 650. The 
weather riil continue falr and dr in Lo8 Angeles and viclnity to-nlght and Tuesday, 
with moderate northerly and nortieastorlg winds. 

Spcclal (;hlifmta reports. 
Orchnrd readings. 

I Trmperature. I Precipitation. I I I 
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Fio. L-Hygrqvarn at Ciaremont Pomona Cd. March 1P-20 1914. l‘Norther” humidity 
condilions nre shown I) the ;I OYC rec&I b r  the 17th in4 lSth, while the normal 
cnrve is shown on IhP Id;h and ?crib. ‘1 he hygroemnh was in lrxcellent mndition and 
tested nt +At? beginnin: pf tho month- tho rGords ilrr ho relicd on to withln 4 or 6 

er cent. A t  4 p. m. of &he lSth the dlatlve hlimiditv’was 5 per cent but vlthin bw 
{ours the humldity rose to 97 per cent as the &ect 01 the cessatlon 01 “norther”oon. 
ditions. 

: /  . ~ ! v. 
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FROST WARNINGS AND ORCHARD mATING IN OHIO. 

By J. WARREN SMITE, Professor of Meteorology. 
[Dated Weather Burmu, Columbus, Ohio, Hov. 4,1914.1 

(a)  Introduction; (a) Orchard heating in 1913; (e) Fruit-frost station# 
in 1914; ( d )  Frost warnings ieaued, 1914; (e) The results of 
orchard heatin in 1914; ( Different methods of heating or- 

Tem eratures dangerous to fruit buds; ( I )  When to expect frost- 
(%) bates of blossoming of fruits; (n) Predictione of frost and 
mmimum temperature; (0 )  Frost conditions vary; ( p )  Dif- 
ferences in minimum temperatures; (9)  Daily range in tempera- 
ture; (I) Predicting minimum tem eratures from dew point; 
&) Diurnal temperature changes; ( t )  Typical thermograph curvee, 

ay 11-18, 1914; (u) Predirting minimum temperatures from 
median; ( v )  Rules for predicting minimum from median tem- 
perature; (w)  Suggestions to fruit growers in predicting mini- 
mum temperatures from the median; (z) Instruments to be used; 
(y) Prospective extension of this service. 

(a) Inkoduction.-For a number of ears the writer 
has been urging the practicability in 060 of protecting 
orchard and garden cro s from frost damage by smudging 

of the most progressive fruit growers of t e State have 
taken up the matter of frost protection in a serious 
niannei . 

of general frosts have been widely distrib- 

able to give more specific mformation as to the probable 
severity of t.he frost and the probable minimum tem erBr 
ture in the orchards or sections of the State where orc ?l ard 
heating has been taken up. 

Therefore, in 1912, we began the organization of a 
special fruitcfrost service in Ohio and in the s ring of 1913 

Toboso, and in partial operation a t  a few ot.her points. 
It was estimated that the special warning service and 

the work of orchard heating about Delaware, Ohio, saved 
the fruit growers in that vicinity some $35,000 or $40,000 
during the severe freeze in May, 1913. 

in lSIS.-In Table 1 the result of 

previous years is given. !he notes following the table 
give additional information as to heaters used, Tuel, 
mistakes in having insufficient fuel, discouragementa, eta. 

chards; (9)  Oik heaters; ( I? ) Coal heaters; (i) Wood fires; ( I )  

5 3  
and heating. Within t 1 e past few years uite a number 

utecl Warnin$ by te egraph and telephone, but it has seemed desir- 

had special stations in complete operation a t  8 elaware and 

(6) Orchard heuti 
some of the orchard Y eatin as done in 1913 and in a few 
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Ap ............ 
Ap ............ 
Ap ............ 
Pr.; pm.; ch .. ;&. ............ 

str ....... ........... 
A ............. 

............... 

Ap.: ph ............ 
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Coal wood.. ..... 
Wodd ............ 
Coal 6 qta. fjo-80 

Coal, 011 .......... 
7 qta. oil. ... 135 
Reermks .... 4-8 
Oil ota ..... 30-M 
R WPS. OIL.. iri 
3 ~als. oil ... 40 

do ...... 120 

oil: 

TABLE I.-A nrmmcay of expcricneCr in orchard hating in Ohio. 

21 
2a 
28 

Clyde Bandusk .._. 
Deladsre (l), &la- 

Delaware (9, Dela- 
D e b  Carroll 
Frankkt Ross::::: 
~eeport ,  harrison . . 

ware. 

ware. 
33 ...... 
34 Yes. 

............ 
Glouater Athens .... 
M ~ O U  karion.. ... 
Shelby' liichland.. . 
TOINJSO' Licking ..... 
Wakeflhd Plke ..... 
Watervid ~ncas . .  . 
wweter, *ape... .  

- 

1013 80 
1913 30 
1913 6 
1913 .... ...... 225 ...... u) 

6 
2u 
33 

7 
14 

9.5 
125 
10 

..... 
.... 

1913 
1913 

1913 

1913 
1913 
1910 
1911 

1013 
1913 
1912 
1913 
1013 
1913 

..... 
L 
29 
26 
28 
21 

.......... I ...... 
3-32 Yes. .......... No. 

36 Yes. 
32 Yes. 
33 Sa. 

27-30 1 YeS. 

Clyde .................. 
Delaware .............. 
Germantown .......... 
Green Hill ............. 
Ha denville ........... 
Jadson ................ 
Marbtta.. ............. 
Mount Healthy ........ 
Toboso ................ 
Womter.. ............. 
Worthlngton.. ........ 

...... 
No. 

.... 

Smdusky ............. Mm. Ella P. H&m. 
Delaware .............. DoWltt H. Lars. 
Columblana ........... g E Rmtley. 
Hockhe .............. k?%. Stiers. 

Montgomery .......... Henr Y. Wachter. 

I Contractfons.-A. all kinds: af, apples: ch., cherries; ph., peach; pr., pcar; pm.' 
plum; sm., small iruit; str., straw wries: tm., tomntws. * Mall a d h .  but the orchard IS in Sandusky County. 

Remarks from stations in  Table No. 1. 
A~~i2Ze.-~'In 1910 I saved 75 per cent of my crop by means of the 

fire. When the temperature fell to 34' I would been and light every 
other fire, and then i f  the temperature kept on falling lower I would 
light every pile of'wood." 

BeZkjontaam.- I saved 400 bushels of fruit, but should have saved 
1,600 more; had four cold nighta and ran short of fuel. Have ordered 
S 
%eZhue.- Gathered 99 tons of cherries; would probably have had 

from $5.000 to $7.000 worth more if  we had had a larger number of heat- 

llon Hamillton heaters for use another year." 

era. It took sixmen 2 hours to light 2,300 stoves.'' 
CadQz.-"I saved about one-fourth of the crop. The coal waa in 

&bushel piles." 
CcZina.--" I am a firm believer in the heating buainese aa I have used 

it for over 20 ears and have gotten good results from it. This year I 
did no;t,have &es enough to the acre and no fruit worth speaking of was 
pnvea 
I. vu. 

Chcshire.-''On the night of October 21,1913, we tried the oil heaters 
in the tomato field and raised the temperature from 26 to 38 degrees 
with 25 heaters burning, Later i n  the night we began to have aome 
trouble and the temperature fell to such an extent that we were unable 
to raise it in time to keep the tomatoes from freezing. I think the oil 
heaters are all ri ht  when cheap oil can be secured; for aouthern Ohio 
I think the coal%eaters would be better. One of my nei hbora used 
two coal smudges for his garden and they were a success. 8n the night 
of October 13 with 25 smudge fires burning on 1 acre we raised t,he 
tem erature 5O." 

C f i l h t h e ,  No. 2.--"I have succeeded in years ast with 6res in 
orchards on calm frosty nights, but failed in April opthis year because 
of the very high wincl,that accompanied the cold weather. I hope to 
use heatera hereafter. 

Clyde.-"There were not enough heaters to the acre of the size used. 
There haa scarcely been a proper teat of oil orchard heating around here; 
as we have either run out of oil or have not for some reason used heaters 
every night when we should have. This year I ran the heaters from 
about 10 p. m. till morning during the very cold spell about three weeks 
before Ma 10; and May 10, when we should have by all means had oil 
and run t i e  heaters, we had none here. My heatera are too mal l  to 
burn all night." 

Dc2oware, No. 1.--"Thirty fires to the acre was not enough this year; 
there should be at  least 50. On the u land the temperature waa about 
30'where the heatera were used. On %e black land it waa considerably 
lower than that. I waa a little late in lighti my heaters. I sliould 
have begun at  leaat one hour earlier. If I h 3  twice as many heaters 
I would have saved fully $10,000 worth of ap lea. Some of the trees 
in t h i~  orchard showed a ood crop on the mfe of the tree where the 
heater stood and practicalfy no fruit on the opposite aide." 

Dcluware, No. %--"I saved fully 8,000 bushela of apples by the uee of 
the orchard heatem.'' 

OmBEB, 1914 

Dellroy.-lg I did not uue heaters, but built 6rea of old rails and d 
and find that where I had about three small fires for each tree I mved 
most of the fruit, but where I had but one fire in the s uare of four 
I loat all of it even thou h the firm were large. I fire% four y h f "  and 
the consequence waathe?a$night, which.was theworetof all 1 ell aha 
of fuel just when I needed it moat. I did not heat all of the orchard, 
but saved 200 bushels, and would not have had any except for the h e a t  
mg. I expect to put 1,000 bushels of coal in the orchard this winter 
and 100 loads of wood and have plenty of fuel and do the thing right 
next time." 

Fradfort.--"We used ma l l  wood firea in every other row in the 
orchard. We saved possibly 2,000 bushels of e t .  In  this name 
orchard heaters were used in the fall at  pic bme. The tem era- 

but by burning the firee between the rowB the temperature wan kept 
up to about 28O." 

I used the fire pota with great succeaa, 
and they saved the cro xs ear my men were rather unprepared, 
there was a great gale, &% coud not get help, got a bad start, had the 
blues, did not put out eir thermometera, eelected on1 the moat 
desirable places and trees, but undoubtedly saved enougg applea to 
make about half a crop. In 1910 we saved 2,000 barrels ani  in 1913, 
1,000 barrels. In 1911 I saved about 2,000 barrels on 8 acres. 

Glou~ter.--'~ I used crude oil, shavings, and coal la& year, which made 
a good fire, and I probably aaved the apples. This year I had coal die- 
tributed over the orchard, but could not get the help to pro erly 6re it, 
so I have given up the idea of coal. I expect to get oil featere next 
year to uae crude oil i n  aa I have the oil and think it moat practicable." 

.Warion.--" I did not fire early enough this year to save the crop. I 
waited until the temperature was down to 26', which is too low. It 
should be $d whsn the temperature 

Shelby.- We can control an ordinary frost with saltpeter, sawdust, 
corncobs, and coal oil by making a moke, but in t h in  instance water 
froze in the early art of May from one-fourth to one-half inch. We 
take corncobs and l i p  them in a solution of wood alcohol and saltpeter. 
We use about two or three of these cobs, i te and set in eawduat, 
more or less damp, impregnated with coal o i k d  saltpeter. One pint 
of coal oil, one ounce of saltpeter put into a kettle of eawduat will burn 
and permeate a wonderful amount of smoke for 12 to 24 hours. We used 
four to eipht kettles per acre. We aim to have lantern6 made with 
large hoods to spread the heat and put in the center of each apple tree 
during freezing weather." 

Toboso.--" At this lace they have omtively demonstrated the rac- 
tical value of orcharaheatera in smsl fruit: In  1911 they lost 7 lper  
cent of the cherries and all of the atrawbemes that were outaide of the 
firing area and saved all within. They lighted 30 to 50 pota to the acre 
and raised the temperature 7' when outside the area it fell to 29'. 
I n  l?? they saved 10 acres of strawberries yielding 5,000 quarte per 
acre. 

Tateruillc.--"I do not think I saved any fruit by the use of the 
heaters.'' 

Wakeje2d.--'gWe saved about two-thirds of a crop, or about 8,000 
bushels of peaches. Did not heat one night when we ehould have 
done so." 

~OOSC~.-"~Ve saved aboutone-half bushel per oil pot. Itwaa neces 
ssry to fire five nighta and we had unusually severe conditions this year. 
We light the pota on low ground when the temperature falh to 30' 
and gives reason to believe that it will go lower, and try to keep it 
above 28'." 

(c) Fruitfrost statim in 1814.-After the experience 
in 1913 there seemed no question as to the value of or- 
cliard heating in this State. Believin also that special 
reports froin different sections of the % tate were an aid 
in predicting minimum temperatures the following- 
named stations were set in operation in the spring of 
1914. 

ture was falling rapidly and reached about 9 22 outaide the orc&, 

Freepmt.--'L Three years 

not lower than 30°." 

TABLE 2.-sPe&2fl%it-$Ost S t U k ,  1916. 

[ Station. I County. 1 Observer. 1 

Jsckson~. ............. 
WRshinfiton ........... 
Hamilton.. ........... 
Licking.. ............. 
Waynq ............... 
Franklm.. ............ 

David F. Jones. 
Charles K. Wells. 
Vietor Herron. 
H. Paul.Thayer. A. Albyn. 

Frame C. Brown. 
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P r e  I Re- 1 1 Re- 1 Pre- 1 R+ 1 P r s  1 ~ e -  I P- 
.Icted. corded. corded. dicted. corded. dicted. corded.! dieted. 

OF. OF. \ OF. 
32-34 35-35 

38 31 ........ 40 

32 29-32 36 

32 30 34-30 
33-35 35 36 

35 36 31 
83-35 ................ 
30-31 49 36 
29-30 33 35-36 

31 30 35 

2a30 3 31-33 

Meximum and minimum thermometers, a raingage, 
and a slino psychiometer were furnished thme points, 
and at Defawure, Toboso, Wooster, and Worthngton 
self-recording thermometers were ut into o eration. 

perature, dew point, state of weather, wind direction and 
approximate velocity, and rainfall were regular1 made 

reports were sent from all of these points and daily tele- 
aphic reports from most of them immediately after 

%e observation was taken. 
The location of these special fruit-frost stations is 

shown on chart 1 (fig. 12) as well as the location of some 
of the orchards where frost protection is being carried 
on in some form. 

Figure 1 [omitted] shows the thermometer shelter and 
instruments a t  the special station a t  Delaware, Ohio. 
These instruments are located in the open back yard of 
the residence of the observer on West Winter Street. 
It is a rather open residence district and the axposure 
of tbe instruments is very similar to an exposure in an 
orchard. 
The shelter faces north. The maximum and mini- 

mum thermometers and thermograph are shown within 
the shelter and the sling psychrometer hangs on the out- 
side of the shelter beside the door. At the right side 
within the shelter there is a tipping-bucket raingage, 
made by the observer. The receiver is seen projecting 
above the top of the shelter. The official raingage sets 
on tbe ground just outside the icture in an open yard, 
with the top about 3 feet above &e surface of the ground. 

Daily observations of the hig I: est and fowest tem- 

at (I p. m. during March, April, and May. Daig 4 mail 

R* 
wrded. 

OF. 
45 34 
36 

31 
38 
30 
38 ........ 
39 ........ 

a3 

the observer at Delaware passed the special forecast on 
to 10 different men, all of whom were prepared for heat- 
ing. At Galli olii arrangements were completed to have 

receipt of the special forecast. 
These special warnings were issued widely on the nights 

of April 19, 20, and 30, and on May 1, 2, 14, 15, and 16. 
I n  lable 3 there is given the temperatures prodictod and 
the temperatures recorded the nest morning as reported 
by orchardists in tho vicinity. It will be seen that the 
predictions were too low for the first two nights, but im- 
proved steadily with study as the season advancod. 

(e) The results of orchard heatin in 1914.-In Table 4 
there has been condensed some t%. ing of the results of 
orchard heating in the s ring of 1914. This will show 

15, and to a slioht extent on May 2. 
It is not posshe to dotermine just what saving resulted 

from orchard heating this year. In  a good many cases it 
is evident that the temperature would not have gone low 
enough to cause serious dama e if no fires had been 
lighted. On the other hand, dr. Koeppel of Delaware 
reported a severe 103s to pears and apples on the night of 
May 15 because he did not have heaters enough to cover 
the orchard. I n  other cases strawberries were damaged 
and thore is good evidence that fruit was damaged and 
dropped worse because of the cold weather than would 
have been the case if rotected b heating. 

quite a question whether the waste and expense in years 
Lwhen heating is not necessary added to the expense when 

18 different P ruit men telephoned immediately upon 

that general heating was i one on April 30 and May 1 and 

Messrs. Pickott an a Heffner o 9 Clyde state that it is 

I 
Not so low.. .... .do.. .... ...... do ...... .... .do.. .... ..... do. ..... .... .do ...... ..... do ...... .... .do ....... ..... do ...... ..... do ...... ..... do ...... 

TABLE 3.-Temperalurea predicted and recorded, 1914. 

OF. 
38-40 

35 
35-30 

38110 

w-40 
35-36 
35-30 

32 

................ 

........ 
sa40 

SMions. 

OF. 
42 

30 
33 
33 
35 

38 
35 
39 ........ 

40 

- . __ ___ ................... 
c d e  ............................... 
Delaware. .......................... 
Green Hill. ......................... 

denville.. ...................... 
Atuietta.. .......................... 
Naw LaxingtOn ..................... 
Tob ow... ........................... 
woo.lter ............................. 
w m t h m . .  ...................... 

dumbus.. ......................... 

J% ............................. 

F. 
26-28. 

30 
ag30 
28-30 

30 
3x32 
3&35 

30 
as-So 
28-30 
28-30 

Apr.19. 1 Apr.20. I Apr.30. 

P r e  1 Rs 1 Pre- 1 R e  1 P r e  1 R e  
dieted. corded. dieted. corded., dieted. corded 

Individual orchardists who carry on orchard heating 
rovide themselves with reliable thermometers and make 

Xaily card reports to the Columbus office to detemim 
the diflerence between their orchard temperatures and 
those at the nearest special station. 

(a) Frost wamintp bsue&.-During the spring of 1914 
frost warnings for Ohio were issued as usual in connec- 
tion with the general forecasts, a t  about 9 a. m. In  
addition to this the Columbus office arranged to tele- 
phone certain fruit centers a t  about 9 o'clock m the even- 
mg, givin our estimate .of the probable minimum tem- 
perature furin the coming night. This was done only 

ists to determine whether to carry out plans for heating 
and what temperature they must fight against. 
This special telephone service is furnished to the places 

shown in Table 3, as also to Marion and Gallipolis. The 
men telephoned to then further distributed the informa- 
tion to surrounding fruit and truck men. For example, 

when frost con 8 'tions threatened and to aid the orchard- 

OF. 
3&32 
29-30 
29-30 
48-29 
28-30 

30 
30 
30 

27-25 
27-28 
2b29 

OF. 
35 
30 

27-30 
29 
29 
30 
3s 

29 
33 
29 

2a30 

I 
OF. 

40 
40 
32 
30 
33 
39 
41 

35 
36 
38 

........ 

it is necessary does not make the cost too great to make 
heatinw profitable. 

Mr. T<ocppel states that on some of the nights this year 
he had visitors from places distant 12 to 15 miles away 
who came to see the results of heatin and who went 

of the plan. 
( f )  D@erent method8 of heating orchards.-Fires may be 

made of oil, coal, wood, or an other material that will 

(g) 02 heaters.-There are some 10 or 15 different t 

in capacity and costing from 15 cents to $1 or more. 
Figure 5 shows some of the kinds of oil heaters used. 

The round heaters of the lard-pail type with the top 
about 7 inches across will burn at the rate of about 1 
quart an hour. With 50 pota of the l-gallon capacity 
burning per acre, 123 gallons of oil will be consumed per 
hour. 

homo in the early morning satisfied of t % e practicability 

burn readily. The majority o 9 fruit men in Ohio use oil. 

of oil hoaters on the market, varying from 1 to 6 g sipPes ons 
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TABLE 4.-Ruults of orchrd hating in Ohio on A p A  SO-d¶ay 16,1914. 

NIGHT OF APRIL %MAY 1. 

O F .  'F O F .  
34 28 38 Yes. 
34 33 1 d y e s .  

Ommq 1914 

Dela- ...... 
Do ......... 
Do ......... 
Do 

Kent. 
NewLexington 

Do ......... 
Toboso.. ....... 

I Condition oflmithuds. 

__ 
Both .... Notopon: ..... Fullbloom.. Fullblqom .... Fullbloom ............ Crudeoil.. 23 SO Yes. 
High .... Open ng ................... Not quite Iull ... do. ................... do. .............. ..._., 
Neither. One-half out.. ................... do.. ...... Almostfull ............... do.. ........ 20 ...... 

............................................................................................ do. ..... 3 .......... .................... Abouttoopen. Inbloom .... X e o r l y  in Inbub  ................ Coalsnd 3 lj,Yes. 

Taw .... Fullbloom .......................................................... Wood ..... 22 Yes. 
High .... Bursting ...... In bloom .... In bloom ...... In bloom.. ............ Coal a n d  ! 25 Pes. 

bloom. 

bloom. 

bloom. wood. 

WOOd. 
Both. ... Half open.. ... Fall ing... ........ do.. ........ .do.. .... Full bloom Crude oil.. 75 I I 

Bnrnesvllle ..... Both. ... Opeoing. ..... Pull bloom.. Nl bloom.. .. ....... 
Bellefontsine.. Hlgh .... Showing pink. ..... do. .......... do.. ...... Nearly out ............ Wood and 

Delaware.. do.. In bud.. In bud.. In bloom In bloom. 
Do .do.. Nearly open... ..do.. do.. .do.. Crude oil.. 
Do Both Not o n Fullbloom.. do do do 
Do 
DO ............ do .... Not open ......................... do ................................ I..:do ...... 
no ......... Low.. .. Showing pink. ................... do.. .................. Full blooml. ..do.. .... 

New Lexlnghn ... do.. .. Full hlonm .......................................................... Wood.. ... 
Do.. ....... High .... Opnlng. ..... Full bloom.. Full bloom. ... Full bloom Full bloom Cml ...... 

Toboso ......... Both .... Hn!l open ..... Petals fall- ..... do.. ....................... do.. .. Crude oil.. 

Worthfngtou.. .... do.. .. Showing pink. Fulkloom.. ..... do.. ...... Full bloom Rloomine. ..do.. .... 
Woopter ........ High .................... In bloom ......... do.. ...... ............I In bloom..l: ..do. ..... 

.. ...... .... ...... .. ....... ........... .. ................. ......... ...... .... ......... .... ...... ..... ........... ...... ......... Elgh .... Ope&- ................... Not quite Iull ... do.. .................. do.. .... 
bloom. 

io I 

Sp.m ._._. 
10:30 p.m. 

11p.m .... 
1030 p.m. 
hfidnlght . 

4 z  --- 
+ 36 Yes. ._. 40 Yes. 

... 100 ...... 

.... 

31 27 40 Yes. 
35 ?9.5 &5 Yes. 
% 30 ........... 
32 27 ........... 
32 28 33 Yes. 

NIGHT OF MAS 1-2. 

1:30 a. m. - 36 32 40 

11:15%m. 33 32 

28.m .._._ 3.131-32 34 

1:30am ... 38 32 36-10 

lk30p.m. 3s1 19 35 
l a m . .  ... 341 32 35 

Yes. 
35..... 

Yes. 
Yes. 

Yes. 
Yes. 

40 Yes. 
32 ..... 
12 Yes. 

16-30..... 

40-60 Yes. ...... Yes. 

..do ...... 3i 33.51 38 ..... 
9p.m ..... I 30129 1 ...... 1 ..... 
8p.m ..... 32 25 40 Yes. 
1020 p.m. 34 30 35 Yes. 

Ashland ....... 
Bamwvffle ..... 
Camp chsse .... 
C!hUhthe ..... 

C. J. Eichhan. 
J. L. Shawver. 

Rolling. Bloom& ..... S h e d d i n g  Shucksnenrly Forming ............ Wood ..... 12 
shucks. off. fruit. 

Both .... Sanedone. ........ do.. ......... do.. ...... Shucks oil ............ C d  a n d  1 

Rolling. Bloom & ..... S h e d d i n g  Fruit set ...... Frult set.. ............... do.. .... 1 

Low... . Fruit size of Fruitsizeof Fruit slze of Fruit size ............ Saw dust. 4 

Wvoorl. 

bloom. 

cobs, and i nil 
peas. peas. pens. of peas. 

J B T a p r t .  
J: H: Miter. 
0. H. KappeL . H. T. Y&. 

Lisbon ......... 
Tohoso ......... 
Worthfngton... 

9g.m.-. .. ./... ...... 32. ..... If. H. Mein. 
9 Op m.. 29 27 ...... Yes. R. L. Hudson. 
1:30a.m.. 331 30 1 3IlYes. I C.E.Paco. 
1 am ..... I 34 30 35 Yes. J. . W. Riley 

...... 
-..do.. .. In bloom. ................... Fruit formed.. In bloom. -1.. .......... Bhcli oil.. 3 

Both .... Alloft ......... Fruitdmof Fruit size of ........................ Oil ........ 50 

Rolling. FNitSet ...... Fruitset .... Fruit set ...... Fruitset ............ Fueloil ... 20 
pear. peas. I 

- 7  

& am. 
3 a m  ..... I31128 1 331Yes.IH.A.Albyn. 

11:45 p.m. 32 30 30 Yes. F.C. Brown. 
3 am.. .. .I 321 29.51 351. .....I Paul Thsyer. 

0. H. Koeppel. 
H. T. Main. 

W. E. Maln. 
R. L. Hudson. 

ton. 
C. E. Pace. 
J. W. Riley 

c son. 
H. A. Alhyu. 

M. R. Heigh- 

XIQHT OF MAY 24. 

Delaware. Fueloil.. W. E. Wain. ......... .... ...... .... ........ .... 

NIGHT O F  N d T  1.5-16. 

"... 
Delaware.. -...I Ro!lfn$ .I. .....-.....--..I._. ........... I.. ............. .I.. ....... ...I_. .......... I Crude oil. -1 35 

Do ......... Hills1 e Peels drop .............. Nearly0 f f_ . . . .  All off ................. Oil ........... 
I 

Dublin ......... H h .... Wood ..... 20 ........... Oil n n d  30 .... Freeport ....... ..-$o I I I Fnnl I ..do.. .... 31) _ _ _ _ _ I  ...... I Yes. 
Nidnight . 34l28-31 36 ..... 

..... 

L. H. Ward. 

C. J. Eichhorn 
E. A. Brenoe- 
M. I. Bhirely. 

IIIILn. 

0. H. Koeppel 
R. T. Main. 
J. J. Dum. 
0. P. Kimey. 

C. W. Am-  
stron ' 

II. A. &bp.  

F. C. Brown. 

The fuel oil used should be of medium weight, as the 
light gravity oil burns. too rapid1 and is too expensive, 
and too heavy oil does not burn c 3 ean and a large amount 
of soot is deposited on the trees. 
Oil heaters should be set a t  the rate of from 80 to 120 

er acre. It is better to have too many heaters than too 
few. The fires should be thicker around the outside edge . The temperature 
should be watched closely an dPIaces when it has fallen nearly 
of the orchard and in low 

to the danger point every .third or fourth heater should 

be lighted and then the others as needed. With heaters, 
where the burning surface can be controlled, the intensity 
of the fires can be varied as the tem erature changes. 

tice is to have 1 man for each 5 acres to take care of 
the fires. 

The matter of lighting is interesting. Mr. Koep el 

f ies  on 23 acres set a t  the rate of 80 to the acre. On the 

With an c uipment of oil heaters E aving a capacity to 
go through t % e night without refilling, the general prac- 

reports that on May 1 it took 4 men 3 hours to light t 5 e 
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14th, when they had 38 acres set at the rate of 40 to the 
acre on upland and 60 to the acre on lowland it took 5 
men 3 hours to light the fires. On the 15th with the 
heaters the same as on the 14th it took 5 men 2 hours and 
40 minutes. 

Mr. Hudson at Delaware states that it took 3 men 1 
hour to li-ht 3 acres. At Lisbon the use black oil and 

Miller of Delaware used a wick fastened to wires for a 
torch and saturated it with oil. One man could light 100 
fires in half an hour with this. 

At Toboso on April 30 they had heaters set at the rate 
of 120 to  the acre in the lowest part of their orchard. It 
took 4 men 1 hour to light one-third of these heaters on 
60 acres. They use a torch that drops gasoline. At this 
place on May 1 they heated 75 acres m t h  50 pota to the 
acre and it took 5 men 14 hours to light up. 

The number of hours that the heaters will be burned 
wi l l  vary with each season, but if one stores 400 gallons 
of oil for each acre it will allow for burning one hundred 
1-gallon pots per acre for 12 hours-sufEicient for most 

The initial investment for a 10-acre orchard, including 
tank, heaters, fuel for one season, etc., will be not far 
from $500, or $50 per acre. After the first year the cost 
will aver e $3 to $5 per acre for each ni h t  that heating 

like that of 1913 the savhg resulting from the protection 
would cover the expense for n good many years. 

(h) Coal heaters.-Coal heaters cost more than the oil 
burners, but it takes on1 about hdf as many per acre. 

will burn from 4 to 6 hours. It is considered that 1 ton 
of coal will equal 100 gallons of oil in heating value. At 
BarnesviUe, in 1914, with 36 coal fhs to the acre, they 
kept the temperature 9' higher in the orchard than 
outside. 

should be placed in the 

may be lighted even faster than the oil heaters. "he 
work of refilling will take about twice as much time as 
the oil heaters. 
Mr. J. M. Stockham, of Portsmouth, has had success in 

making coal heaters from discarded cans used in making 
SrtXcid ice. He cuts a 300- ound size can into three 

punched through the sides for ventilation and is set on 
the ground. A cut is made near each of the corners, in 
the other sections, high enough to allow the sides to be 
turned under far enough to make a bottom that will hold 
wood and coal and yet allow for draft. 

Each of these heaters will hold about 1 bushel of coal, 
so that for heating one night not more than one-third or 
one-fourth of a bushel should be ut in. Mr. Stockham 
uses part coal and part wood. Tfese discarded cans can 
be bought very cheaply, it is not a hard task to fix them 
as suggested, and the must be very durable. 

ground between the rows of trees. . n order to make the 
coal start to burning, Mr. 11. W. Stiers, of Haydenville, 
has made a unique "kindler." He gets waste sticks 
about 1 inch square from a near-by planing mill and has 
them cut into 4-inch lengths. He then inserta these short 
pieces into a preparation of 1 part tauow to 10 parts 
rosin, and after sticking six of these pieces together he 
rolls them in fine shavings before they are uite dry. By 

3 men ligxted 140 fires in less than %. alf an hour. Dr. 

seasons. 

is done. ?t is quite evident, however, t B a t  in a season 

The best coal buruers ho s d 25 to 30 pounds of coal and 

bottom of the coal heaters an d then with a torch they 
Oil-soaked waste and kindlin 

Sections with a cold chisel. .r% e lower section has holes 

f- Quite a number o 9 men merely ile the coal on the 

pouring a small amount of oil on the kind 1 em they burn 
7w)Sg-l&-2 
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freol and i nite the pile of coal. The total oost of these 

By this plan the cost of heaters is saved, and where coal 
can be obtained as cheaply as it is in parh of Ohio it is 
recommended that the coal be given a thorough trial. 
It must be remembered, however, that there must be a 
ood many piles of coal to the acre. Mr. Linard Row- 

fand, of Cadiz, demonstrated in 1913 that five piles to the 
acre was insufficient. 

(i) Wood jres.-Fires have been made of old rails, 
brush, and cordwood. In  using cordwood the sticks  are^ 
piled dovetailed together and are bushed toeether as the 
ends burn off. About six sticks of wood wql last 4 or 5 
hours. Wood neecls more attention than either coal or 
oil and must be started earlier, as it takes some time to 
get the wood to burnin enough to affect the temperature. 

Mr. 1,. H. Ward, of khville, reports that i t  took 3 men 
2 hours to light the wood fires on 12 acres at the rate of 
40 6res to the acre. He used a few cobs soaked in cod 
oil a t  each fie. Mr. Pace, of New Lexington, states that 
it takes about 3 minutes to light each fire. His fuel was 
dry and burned readily. Some others found difficulty in 
getting the wood started. 

The tnbles will show differences in temperature be- 
tween the heated area and that outaide with the different 
kinds of fuel, different number of fires to the acre, and 
under different temperature conditions. They show 
without question that a few fires to tho acre will not pre- 
vent frost damage, but that with a large number of small 
fires the temperature can be kept above the danger point. 

The reports of these fruit men show also that one must 
be thorouehlv prepared in every respect. There must be 
plenty of fuel, men enough to keep the fires burning, and 
coilstant vigilance until the frost season is over. Care 
must be taken not to waste the fuel by lighting too early 
or on niglit,s when the temperature does not fall to a 
t l m  erous point. 

Tferrnometers should be distributed throughout the 
orchard and watched carefully, and when the tem er& 

begun in the coldest part of t le orchard. Qure 6 shows 
some of the heaters in operation. 

(L) Tempwatures dangerous to mil b d . - T l l e  hardi- 

weather of the precedin days or weeks, the kind and 
variety of fruits, the confition of the tree durin the pre- 
ceding autumn, the position of the buds on thefimb, etc. 
In general it is believed that the tein eratures given be- 

duration, but that damage would result if the tempera- 
ture is below these values for any length of time. 

kind 9 f  ers to im is about one-third of a cent each. 

ture approaches the danger point the lighting shou r d be 

iiess of fruit buds varies with t .f; e season of the year, 

low are safe temperatures if the colc P is not of too long 

PEACHRB. 

When the peach buds are showing pink, the dangerous 
temperature is about 20'F. When almost open, 25'; 
when newly opened, 26'; when petals are beginning to 
fall, 25'; when petals are all off, 30'; whon the shucks or 
calyx tubes are beginning to fall-that is, just after the 
fruit is formed, 32 . 

When the petals are beginning to show, 22'; when in 
lull blossom, 29'; when tho petals are dropping and the 
young fruit is increasing in size, 32'. 

APPLEB. 

PEARB. 

When just opening, 28'; in blossom, 29'; setting 
fruit, 30'. 
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When just o e-, 29' to 30'; when in blossom and 

ries were not injured, althou h the tem erature fell to 

the temperature reached below 25O while cherries were 
in bloom, and yet a fair crop was harvested, so that fur- 
ther investi ations may develo the fact that cherries 

will st-and the 
experienced in this State. Just t o w  much cold a fully 
dormant peach bud will stand, it is dificult to determine. 
Some investigations made by the writer as to winter 
damage to each buds in Fulton County, Ohio, covering 

were harvested whenever the tern erature d m n g  the 
precedin winter fell to -17OF. buch depends upon 

condition of the trees when they o into the winter. 

temperatures by heating is receivlng consideration in this 
State, and peach owers generally should try some ex- 
periments in this firection. There has been some diffi- 
culty in gettin fuel oil to burn a t  low temperatures, but. 

(1) mhen to expect ost.-Chart No. 3 (fig. 13) shows the 

frost in the autumn. These date lines as they are drawn 
are only approximate because the dates depend so much 
upon the local topography. Locations in valleys always 
have later spring and earlier fall  frosts than a t  near-by 
hi her elevabons. 

h e  latest frost ever recorded in the spring is about 
four weeks later than the average date, at most stat8ions. 
At stations in northern Ohio the earliest killing frost 
ever recorded has been about four weeks earlier tahm t.hc 
average killing fall frost, and in tmhe central and southern 
parts of the State the earliest killing frost. has been about. 
three weeks earlier than the avemge. 

(m) Dates of blossoming o frmzts.-Chart 4 (fig. 15) 

chart 5 (fig, 16) the average date of the blossoniing of 
peaches in Ohio. 

I n  general, pears blossom a da7 or two earlier than 
a ples, strawberries .sli htly earlier than apples, a i d  

By comparing charts 2, 4, and 5 it will be seen that 
the average date of the blossoming of fruit, is earlier 
than the average date of the last killing frost in t.hc 
s ring. The frost season may be over before apples 
bfoom in some seasons, but the other fruits are itpt t.o bo 
caught. 

(n) Prediction8 of frost and probable mininmm tc-mptm- 
ture.-The daily weather maps issued by the Uiiit,ed 
States Weather Bureau show approaching areas of cool 
weather which may cause frosts, and when these condi- 
tions are anticipated the bureau issues general frost 
warnings. 

Charts 6 to 8 (figs. 17 to 19) are ty icalfrost maps and 

caused the low teinperature and frosts in ghio the first 
of May, 1914. 

setting fruit, a % out 31'. At Haydenville, in 1914, cher- 

28' while they were in full boom. f At Elyde, in 1913, 

will stand a s ower erature t il an given above. 
Fully dormant cherry, and plum buds 

tem eratures that may be 

a penod o P 30 years showed that few, if any, peaches 

the wea t!i er of the previous autumn and winter and the 

The question of prot,ecf;ing pea: B buds from low winter 

hter and B etter grade, as well as coal and wood, 
sho a %  d be tried. 

avera e date of the T ast Billing frost in the spring in Ohio 
and c % art 3 (k. 14) the average date of the first killing 

shows the average date of t i e blossoming of apples and  

c % erries and p l u s  slight 9 y lat.er tha.n peaches. 

show tho movement of the area o P high ressure that 

On the map of April 30 there was much cloudy weather, 
and the indications were that it would continue cloud 

tem eratures between 35O and 40'. The rediction was 

The map of May 1 shows that while it did remain 
cloudy over much of the area it cleared in central and 
southeastern Ohio, and frosts resulted. It was ve 
from that map that the hi h pressure area would e cen- 

clear with little wind and that eneral frosts would result. 

widely over the State, and every orchardist who plans 
to protect his crops b heatin should take ste 

to be of great help also. 
(0 )  Frost conditaons vay.-When the weather map indi- 

cates frost, and wainings are issued by the Weather Bu- 
reau, it is lain that the frost will be more severe in some 

ture will be lower in the valleys and lowest parts o the 
farm during nights with clear and comparatively still air, 

occur. Whan t fe  wind is blo 

quite as much as the valleys. 
The extreme1 low temperatures recorded in Ohio have 

tures have come with clear, nearly still air. On the 
morning of February 10, 1S99, the temperature was 21' 
below zero at Somerset, Perry County, while at Milligan, 
only a few miles away, it reached -39'F. Both sta- 
t.ions have reliable thermometers well exposed, but while 
Somerset is near the to of R hill at an elevation of 

like valley about 200 feet lower. 
On May 1, 1914. the ten1 erature a t  Somerset was 34' 

and 2s' at, hilligan. On the 3d it was 41' at Somersot 
and 32' u t  Milligan. It is plain that frost would have 
damaged fruit and gurden crops on all three nights at 
the valley station and probably on only one at Somerset. 

(p) Da3erenees in. manimum tempem.tures.-In our fore- 
casting: of probable minimum temperatures in 1914 we 
found it of distinct advanta e to know something of the 

Columbus and the lowest in other sections of Ohio, under 
similar weather conditions. 

Tables were prepared, therefore, showin 
differences between Columbus and points or which we 
wished to issue minimum tem erature forecasts for A ril 

the weather conditions were favorable for free radiation, 
when the approach of a low pressure area caused rising 
temperature, when colder weather was ap roaching from 

temperature seemed probable. 
It has seemed best to publish one of these tables, giving 

the average and extreme difference in minimum tempera- 
ture in April and May, for the main fruit district or topo- 
graphic stations. Some of the stations have been in o era- 

be obtained. Somerset was used as being charactemho of 
man of the hill orchards in eastern and southern Ohio. 

with brisk northerly winds over Ohio that night wi t i  

ma a e, however, that if it should clear o B frosts would 

tral over Ohio the next nig % t, and thus the night would be 

obtain the warnings. $he weat f er maps will be p" ound to 

occur. 

lK 
The frost warnings are teegraphed F and telephoned 

P sections o P the State than others and that the tem era- 

when late sprin and early fall  frosts are most a 

of air is below the freezing point t 7 
been at the va IT ey stations, because the lowest tenipera- 

1,OSO feet above sea leve !i , MiUigrm is in a narrow c u p  

and a t  Milli an ?Yo. On b F ay 2 it was 36' a t  Somerset 

average difference between t E. e minimum temperatures at 

9 the average 

and May. These average dgerences were found w % en 

the northwest, and finally when no mar % ed change in 

tion but a short time, hence a 10-year average coy1 a .not 

Tab P e 5 gives the data referred to. 
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- 
OF. 
26 
32 
P 
19 

30 
29 
32 
22 
30 
33 

25 
31 
33 
25 
31 
23 
28 

s 

Turn S.--bdininaum tsm turn lowm than Columbw, at ewkn s b  
in April and Hay, 1914. tions in 

_- 

ti 
4 0  

OF. 
1 3 9  

37 
44 
41 
29 

40 
42 
43 
3 i  
42 
44 

35 
U 
44 
4 0  
40 
40 
45 

m s  

4n 

-- 

Delaware. ................ 
Columhiana.. ............. 
Hocking. ................. 
Jackson.. ................. 
Perry. .................... 
Liekmg ................... 
Pe.rry. .................... 
Wayne.. ................. 

-- 
OF. 
24 

32 
28 
19 
27 
30 
28 
31 

30 
31 

D e l a w q .  ......... 
Oreen Ha.. ....... 
Ha denrille .__._.. ...... 
New Lexington .... 
Tobwo ............ 
somerset.. ......... 
wooater.. ......... 11 5.0 9.1 

Jacison.. .......... ...... 15.0 

I 

1 For 1914 only. 

"F. as 
2 6 1  

32 
30 
20 
30 
29 
30 
33 n n  
30 
34 

2 5 2 6  
2 4 %  

..... ..... ...... ..... ...... 
4.1 

Garrettsvll le... 
Green 1.111.. -. . 
Haydenville .... 
Hiram ......... 
Marietta.. ..... 
Mllligan ........ 
Ottawa ........ 
somerset.' ...... 
Summerfield... 
Tobosol ....... 
viclier 
\Vav&: : : : 
Wayneaville .... 

OF. 
13 
20 

116 
11'' 
1 9  
1 1 4  
13 
16 

Portage ..... 1 005 
Columbiana. 1: 135 
Ilocklng ..... 7W 
Portage ..... l,%O 
Washrigton. 627 
Perry ....... 875 
Putuam ..... ia0 
Perm ....... I,W 
Noble.. ..... 1.187 
Licking ..... 789 
Sanduskv.. . BS 
Pike. .. :. ... 590 
Warren.. ... 700 

ht. 
%ence in Table 6 there has been given the average and 
extreme ranges in temperature from the maximum of one 
day to the minimum of the followin morning in May for 
nine ears, under conditions favora % le for radiation, and 
for c E aracteristic topographic stations in the State of 
Ohio. 

woostar ........ I Wayne.. .... 

TABLE B.-Average and extreme ranpe in temperature in Ohw during May, 
1909 to 1914, w h  an area of hyh  pressure is centered over Ohio and 
adjacent States, giving radiation e0ndi~n.a. 

1,030 

Locstlon and 
topogra h id  
Surmunfiings. 

__ 
On hillside.. ...... 
Near top of hill.. _. 
In narrow valley . . 
In broad valley ... 
..do.. ............. 
In valley.. ........ 
..do .............. 
-.do .............. 
-.do .............. on hill. ........... 
In broad vall 
In nsyow va?~:: 
Level prairle.. .... 
Top 01 hill.. ....... 
In vallev. ......... 
In nar& valley . , 
Slightly mll$g.. .. 
Emad valley ...... 
Elevated lain 
On hlllsd. - - ::::: 

Range between P. Y. 
maxhum and next 
A. Y. midiurn under 
conditions of free radia- 

For whole 
month. 
- 

Q 
I4 

"F. 
13 
11 
13 
14 
7 

10 
9 
10 
l d  
13 
19 

__ 

1B 
1; 
11 
21 
10 
IS 
9 

12 
-- 

12yearsonly. 

As is to be ex ected the range in temperature is reater 
a t  stations in t t e  vadeeys than at  those on the hi&, the 
greater part of the di%'erence being because of lower night 
temperatures rather than because of much difference in 
the daytime temperatures. 

One marked example in th ia  table is the dzerence be- 
tween Hiram and Garrettisville, both in Portage County 

and not far apart but one in a vdey and the other on a 

ing night. 
O'Gara in Oregon (Farmers' Bulletin 401) found that 

at  no time in April and May, 19b9, did the minimum 
temperature fall much below the dewpoint that was 
observed a t  about 8 or 9 o'clock in the evemin On the 
other hand, Cox (Bulletin T, . 84) states t , a t  in the 
moorlands of Wisconsin " the a ewpoint in the evening ia 
no indication of the ensuing minimum temperature." 

In order to give this matter a good test in Ohio dew- 
point obsemhtions have been made a t  the special fruit 
stations and the results are given in Table 7. Not many 
stations were in operation in May, 1913 or March, 1914 
but during April and May, 1914, recorhs were obtained 
at  10 different points. 
In the h t  five columns of the table the data are for the 

entire month, but in the last five columns the dewpoint 
and minimum temperature data are only for those lllghts 
which were favorable for free radiation, or, in other 
words, favorable for frost if the temperature should fall 
low enough. 

The table shows that the minimum temperatures 
average higher than the dewpoints a t  C1 de and Colum- 

on clear still nights. 
At Jackson, Toboso, and Worthington, on the other 

hand, during May, 1914, the minimum tem erature was 
never higher than the dewpoint on ni hts P avorable for 
radiation. At some of the stations t % e minimum was 
never very much lower than the dewpoint, but in general 
the difference may be great enough to make this method 
of predicting the probable minimum temperature most 
unreliable. 

For example, at  Delaware in the month of May if we 
must feel that the minimum tem erature ma be either 

before, forecasts from the dewpoint can be of little value. 
At Toboso the minimum was 26" below the dewpoint on 
one night in May, 1914. 
9 study of the daily observations shows that when it 

is cloud or pai%l cloudy in the evening and clears off 

alwa s be considerabl lower than the evening de 

minimum will enerally not go so low as the de 

p. m. at Worthington it seems probable that later dew- 
point observations may show a closer relation to the 
coming minimum temperature. Steps will be taken 
during the coming spring to have such records made. 

Some of the records mdicate that some of the wide 
variations between the dewpoint and minimum tem era- 

been accurately obtained, through failure to whirl the 
S b Z F Y  chrometer long enough. But the fruit observers 
are a specially selected observers, and they were given 

bus in April and May and a t  hount Healt T I  y in May, even 

7" higher or 10" lower than the a ewpoint of t K e evening 

during t i e night t I e morning minimum temperature will 

Tint- On t, ;K e other hand, i 9 it clouds up during the nig t the 

T O h t -  From a few % ewpoint observations made later t an 6 

ture niay he because the wet-bulb temperature ha c r  not 
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Clyde ................. 
DelswW ............. 
m h t t 8 8  wooster .............. ............. 

definite instructions as to the we of this instrument, and 
if they were unable to obtain accurate results it shows 
that when the average orchardist or truck grower a b  
tempts to use the skng psychrometer for determining 
the probable minimum temperature the results will be 
still more unsatisfactory. 
Further studies Beem to Rhow that when the relative humidity is 

high on a clear,  till evening the minimum temperature during the 
comin night will be lower than the evening dewpoint, and that when 
this r3ative humidity is low the minimum will not be so low as the 
dewpoint. Also that during nights when the minimum has run much 
below the evenin dewpoint there has been a marked lowering of the 
dewpint, althou& there are exceptions to this.-[Note by the author, 
Nov. 20,1914.1 
TABLE ir.-Avemge and extrm &fercneee between dewpoints observed at 

6 p .  m. and the lowest temperatures durin the following night (for sezere 
months and for thorn night8 only when & m d i t w n s  w e  favorablc for 
radiation). 

27.3 !28.8+1.3 -14 !B.4 24.9+ 1.5 -14 
B.0 X 8 - 2 . 2  7 -12 24.1 Xl.2-3.9 0 -11 

!a4 27.1-1.1 
3281 31.91- 0.01 -111 -11 24.8 =.SI+ 22.4- 2 4  1.51 5 -11 - 3 

roB urn, 1914. 

~ ~ a ~ ~ h d ~ ~ *  For nights when conditions 
were favorable for radiatim I 

%de ................ 
umbusl ........... 

Columbuslfi .......... 
Delaware ............. 
QreenHtll ............ 
Jackson ....'.......... 
W b t t 8  .............. 
MountHeslthya ...... 
Toboa0 ............... 
Woos- .............. 
Worthington 8 ....... 

Clde ................. 
umbusl ........... 

ColUmbUSln .......... 
D E ~ W W  ............. 
(Ireen Etll. ........... 
JWbOn .............. 
Mount Healthy ....... 
TobM ............... 
WOaner .............. 
Worthlngton8 ........ 

d 

I 1 variationif 1 -1 Variation of 
Averaga. minimum from Aversge. minimum from 

the dewpoint. the dewpoint. 
StBtIlnM in Ohio. 

3S2 38.61+ 0.4 15 -10 36.4 37.7+ 2 3  11 - 8 
4 2 5  43.0+ 0.5 15 -12 364  3&1+ 1.7 7 - 5 
425  41.8-0.9 13 -14 364  361-0 .3  7 - 7  
4 2 3  39 .8-25  9 -14 39.3 3 6 . 5 - 2 5  7 - 9  
89.6 35.3-4.3 7 -24 329  '27.7-5.2 0 -17 
47.7 41.5- 6.2 15 -22 45.2 34.3-10.9 0 -22 
45.6 41.8-4.0 7 -14 42.0 37.3-4.7 3 -10 
45.0 43.3-1.7 11 -25 39.5 352-1 .6  5 - 7  
44.4 388-  5.5 14 -33 43.1 34.4- S7 6 -22 
40.2 3Q.O- 2 2  12 -19 36.5 36.0- 0.8 5 -12 
45.8 423-  3.5 9 -16 44.0 37.2- 6.5 0 -13 

rOB KAY, 1914. . 
_. . . .  

I 
I "  10 - 7 

15 - 2 
6 - 5  
7 -10 
1 -16 
0 -19 
e - 4  
0 -26 
8 -15 
0 - 9  

rort YAY, 1913. I 

47.2+ 

43.3+ 
421 
34.4 
44.9- 
4&9+ 
39.2 
427-  
38.4- 

s.s+ 

Columbus1 ........... 49.2 53.1+89 - 8  40.4 4 a 4 + s o  131 o 

W h t t 8  ~elauwe .............. ............ I 5 0 . 2 1  51.4 47.01-3.zI 49.9 - 1.5 -101 -12 4i.51 41.5 39.4I-z41 422+  0.7 111 - 4 

Columbus1s .......... 49.2 50.0+ 0.8 - 5  40.4 4 3 . 1 + 2 7  1; 

3.9 

0.1 - 3.6 - 9.0 
9.9 
0.s 

-20.4 
2.1 

7.n 

6.2, 

roB Y ~ X ,  1914. I 

8 Dewpoint 7 p. m. 
Ohio Stam University. 

a For part ol month only. 

Dewpoint at the Weather Bureau station minus the mlnimum temperature at the 

(8) f iumd tekperature changes.-It is well known 
that the highest temperature is generally during the day 
and the lowest temperature a t  night, and that on some 
days the range in temperature hetween the day and night 

is greater than on others. It may not be so well known, 
however, that the lowest temperature at  night is usually 
just before sunrise and that typical weather conditions 
produce certain characteristic tem erature variations. 

10 the records made by a self-recording thermometer at 
Delaware, Ohio, for the weeks of May 5 to 12, 1913, and 
Mag 11 to 18, 1914, respectively. 

lemperature changes at an localit depend v 

strong wmds prevail from the northwest, there will be 
a fall in temperature, and if high winds prevail from the 
south the temperature will rise. In  clear comparatively 
still weather the tern erature will rise in the daytime 
under the stron sunsl!ine and will fall to a low pomt at 

weather of May 9 and 10, 1913, an analysis o 1 the tem- 
perature changes for that week as shown in figure 9 will 
prove of interest. 
On Ma 5,  1913, warm southerly winds revailed in 

shown by the thermograph record in iigure 9. The wind 
changed to westerly in the evening and there was an 
irregular dro in temperature. 

winds and there was only a moderate rise in temperature. 
It was cloudy a t  night and there was a very irregular drop 
in temperature. 

The northwesterly wind continued on the 7th and 
although it was clear there was only a moderate rise in 
temperature. The wind decreased a t  night and as it was 
clear there was uite a rapid drop in temperature to 3 4 O  

An area of high barometric pressure was central over 
this district on the morning of the 8th and there was a 
rapid and stron rise in tern erature to  73O a t  about 3:30 

temperature began to drop rapidly, but it clou ed up in 
the night and the wind increased, so that the temperature 
began to rise soon after 2 a. m. 

The temperature increased very irregularly on the 9th 
because of cloudy weather and northwesterly winds. In 
the evoning of the 9th the wind increased from the north 
and from about 4 p. m. to 6 a. m. of the 10th the thermo- 
raph curve shows the characteristic fall in temperature 

8ue to importation of cold air from the north in conjunc- 
tion with the diurnal in temperature. The thermo- 

straight line in comparison 
records on clear afternoons 

with little wind. 
The only WR to redict the probable minimum tem- 

perature on nig ts h e May 9,1913, is by a stud of the 
weather map. High wind continued all nig t and 
orchardists who tned to keep the temperature up by 
building fires found that the warmed air was carried away 
rapidly and that the temperature fell nearly as steadily 
where the fires were burnln as outside. 

clear there was a moderate rise in tem erature. How- 
ever, the wind decreased the night of gay 10, the radi- 
ation was rapid, and the tern erature went considerably 

perature above the danger point during the night of the 
9th/lOth thou ht it useless to try to protect, or erha s 
ran out of fue P , so that much damage was done tIrougi- 

To illustrate this point we have s Yl own in figures 9 and 

largely upon the direction an 3 9  force o the wind. 3 

night because o f free radiation of heat from the 

Ohio an (9 the temperature was unseasonaby P high, aa 

On the 6t rl it was cloudy with strong northwesterly 

As a good deal of damage was done in Ohio b 

at about 5 o'cloc 1 - a. m. 

p. m. It was c 5 ear in the a ! ternoon and evenin and the f 

i i .E 

The wind continued on t 5 e loth, but as the sk wm 

below freezing. Fruit men w R o failed to keep the tem- 
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~verage,  1912. 
Average, 1913 ................. 
~vt?rage, 1914 ................. 
Earliest. NE. 
Idatest. 1912 .......................... 
].atest, 1913 ................... 
Earliest, 1914 ................. 
Latest. lYl4 ................... 

Earli@St. 1913 ................. 

out Ohio. The few who did make the ilght with plenty 
of fuel obtained splendid crops. 

There was little wind on t,he l l t h  and with a large 
high-pressure area central over Ohio the thermogra h 

anticyclonic conditions such as was recorded at  Delaware. 
( t )  Typic&! thermograph curve May 11 to 18, 1914.- 

The characteristic temperature curve under conditions of 
high pressure and clear skies is shorn1 durin8 the last four 
days of figure 10. The rise in temperature IS rapid in the 
morning and the curve has a convex shape. The hi hest 

very rapid fall in temperature until about 7 p. m., then 
it falls more slowly until the lowest point a t  about 5 a. m. 
The afternoon and evenin curve is concave in shape. 

On May 13,1914, as shown on figure 10, there was very 
little change in tamperature, due to rainy weather and a 
strong northerly wind. The wind shifted to northwest 
at about 10 a. m. on the 12th, causing a rapid drop in 
temperature from that hour, so that the highest tempera- ' 

ture for the day was before 10 a. m. instead of in the 
afternoon. 

In  11 the range in temperature is shown in a com- 
merci orchard a t  Council Bluffs, Iowa, May 1, 1911, as 
shown in Iowa Experiment 'Station Bulletin No. 129. 
The solid line shows the tem erature drop in an unheated 

8otted line gives the temperature in a part of the orchard 
rotected by orchard heaters. These curves were drawn 

fmm hourly temperature observations. The heaters were 
lighted when the temperature had fallen to 29' and it im- 
mediately began to me. 

(u) Predichng minimum temperatures by means o the 

any thermograph record will show that during periods 
of clear and calm weather, when an area of high pressure 
is centered over the district and the conditions are favor- 
able for strong insolation in the daytime and for free 
radiation at n ht, there is a marked similarity in the 
daily curves. %is is articularly well marked for May 
14, 15, 16, and 17, in t R e last part of figure 10. 

This being true, the question has been raised whether 
the halfway point in the temperature fall from the maxi- 
mum of one day to the minlmum of the next morning 
might not occur at  about thesame hour each evenhg on 
days when high- ressure conditions prevad. 

recording thermometers a t  Delaware, Toboso, and Co- 
lumbus, with very satisfacto xresults.  It seems prob- 
able that the minimum can t us be predicted very ac- 
curately by taking the difference between t.he temper- 
ature at  the time of the average median and the maxi- 
mum for the day and subtracting that difference from 
the temperature at  the average time of the median. 

Table 8 shows the average time of the median temper- 
ature from April to November, inclusive, together with 
the earliest and latest median hours for the same months. 
At Delaware, for example, for the month of May, which 
is the critical frost month in that vicinit 

h m .  And more interesting still is the fact that the 
erence between the earliest median hours and latest 

curve for the l l t h  shows the typical rise and fall un B er 

temperature is about 3 p. m., and then there is at  f! rst a 

These are the conditions un 8 er which frost is apt to occur. 

art of the orchard while, E eginning a t  2:30 a. m., the 

ajternom or evening median temperaWes.-A stu d y of 

A study was t E erefore made of the retiords of the self- 

median hour in 1913 was 7:36 p. m., an c? in €he 1914, average 7:35 

At DeIaware.,'Ohlo. 
- 

................................................. I ....... 5:80 B:M 
7:12 736  7:08 7 : s  6:Sl I 6:24 5:56 S:B 

................................................. j ....... 5:OO S:30 .: ........................ ! ....... 6:OO 7:30 

IXMI 7:15 7:OO ................................ 

i : i i  7 3 5  7:a4 ................................ 
6:W 7:15 6:00 i:00 b'OO 6:80 6:OO S:30 
8:15 7:50 8:00 8:15 I8hO I 7:30 7:OO 7:U 

8:U i t50  8:15 ...... 1 ...... j .................... 
It Tobow, Ohio. 

median hours for May, 1913, was the same as for May, 
1914, and was only 35 minutes. These figures are, of 
course, under conditions favorable for radiation or frost 
conditions. 

At Toboso the variation is somewhat greater, but at 
Toboso the thermograph record is not Ute so accurate 

age for May, 1912, was 8:52 p. m., for Ma , 1913, 9:12 
. m., and for May, 1914, 9:15 p. m. The P ater median 

{our at Columbus is due to the less rapid drop in the 
temperature in the afternoon because of the city in- 
fluence. 

as to the esact time correction. At Co 9 umbus the aver- 

YETHOD OF DETEBYININo TEE MEDIAN. 

In Table 9 the method of determining the time of the 
median is shown for Delaware for Ma , 1913 and 1914. 
This table also shows the difference { etween the mini- 
mum temperature that would have been predicted by 
this method and that which actual occurred during 
those two months. On two days t i e minimum 
dicted from the median would have been 4' higher tg: 
the actual and on one day 5 O  too low, but the Feater 
part of the time it would not have differed over 1 . 
TABLE S.--dvcragc tinus of median tnn ature between the h i g h t  of ow 

dhy and lowest of next morning, ungeon8t ions  favorable for sa& 
tion. 

Average, 1913.. ............... 
Average, 1914.. 
Earliest, 1913. ................ 
Latest 1913 

J.strst. 191.1 ................... 

............... 
................... 

Earlldt. 1914. ................ 

Average, 1913. ................ 
Average, 1913 ................. 
Average 1914 ................. 
Earliest,'191? ................. 
Latest. 1912 ................... 
Earliest, 1913 ................. 
m e t .  1913 ................... 
Earliest. 1914 ................. 
Latest, 1914 ................... 

7:53. 7:lO 8:Sl &57 6:20 

6% 6:OO 6:OO 6:30 S:30 
9:00 8:30 8:OO 7:w 7:l5 

................................ 

................................ 

................................ 

At Columbus, Ohio. 
- 

1 9:15 8:52 ................... 8:36 8:8 7 : s  
9:% 9:12 9:M ............ 8:49 9:od 8:s 
9:30 9:15 8:38 ................................ 
7:00 7:oO ................... 6:OO 6:15 6:OO 

10.30 11.00 ................... 11:OO 1 0 : s  8:lS 

1i:on in:m ii:i5 ............ 10:oo 1 2 : ~  10:oo 
7:45 7:30 6:15 ................................ 

11:OO 1O:OO 11:OO .: .............................. 
7I45 S h O  7:OO ............. 6:W 8:OO 6:30 

1 
Median bebeen maximum at Weathm Bureau oflw, 

Columbus, Ohio, and minimum at the Ohm Mate 
University. I . . .  

Average.1912 ........................ 10:U ................... 9:32 l0:Sl 820 
Average, 1913 ................. 9:50 10:36 1O:U ............ 10:4 10:W 1l:M 
Average, 1914 ................. 10:34 10:48 M:lS ................................ I I I I l l  I I 
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31. ..... 
Map, 1914. 

l...... 
z...... 
fL..... 

14 ...... 
E...... 
W...... 
17.. .. . - 
ls...... 
19 ...... m...... 
21 ...... 
P...... 
30 ...... 

TABLE %-Method of dctcrmining tim of mcdiar undcr eoncEitions favor- 
able fot mdiation, and difmence between temperature eatimted fmm 
mclhan ami- tlrc dewpointpf the night befme, and the actual mini- 
mum recorded at Delaware, Ohw. 

80 

57 
66 
71 
85 
04 
68 
74 
80 
84 
86 
87 
77 
80 

8 
I 
!-i 
k 
P. m. 
4:oo 
3:oo 
2:30 
9: 15 
2:oo 
3:oo 
1:oo 
3:30 
3:M) 
3:l5 

1:OO 
3:oo 
12: 15 
3:l5 
1:30 
3:oo 
3:oo 
1:45 
2: 46 
3:30 
2:w 
2:oo 
2: 15 

- 
i 

lj 1' 
- 
OF. 
43 
51 
51 
34 
27 
38 
39 
48 
44 
54 

9 
38 
43 
36 
33 
36 
39 
45 
46 
50 
50 
47 
43 
- 

A. m. 
6:OO 
6:W 
6:30 
5:oo 
4:30 
4:30 
3:oo l:oo 
1:OO 
3:oo 

5:oo 
5:oo 
1:30 
5:oo 
4:30 
4:30 
k45 
5:w 
5:oo 
3:30 
5:oo 
4:30 
5:oo 

OF. 
62.0 
69.5 
69.6 
50.5 
40.5 
46.0 
5;. 5 
59.5 
57.0 
6;. 0 

43.0 
52. 0 
57.0 

4s. 5 
55.0 
5% 5 

65.0 
68.0 
68.5 
62.0 
61.5 

50.5 

ra. 5 

PLY. 
1:50 
7:30 
7:m 
i:40 
7:30 
2.10 
7 : s  
i:45 
7: 15 
7:30 

8:oo 
7: 30 
7:30 
7:50 
7:45 
7:30 
7:30 
7:l5 
i:30 
7:30 
7:30 
7: 30 
750 

- 
1% 
ii 
/I! 
! 13 c 

- 
OF. 

52 
35 
27 

41 
49 
40 
54 

33 
35 
43 
37 
31 
36 
39 
40 
4ti 
50 
50 
47 
46 

:; 
;cn 

- 

54 
54 
31 
24 
28 
44 
41 
46 
Si 

36 
48 
50 
41 
39 
42 
42 
44 
I 
52 
57 
47 
44 

+5 
+3 
+3 
-1 
-1 
+5 
-7 
+? 
i-3 

+; + 10 
+7 
+5 
+6 
+6 
+3 
-1 
+I5 
+? 

+ I  

+; 
- 

At Delaware the average t h e  of median for M n j  is i:36 p. m. 

This is a remarkable showing, and because May is 
the critical frost month it makes this method of great 
importance. I n  the latter part of Table 9 the minimum 
temperature as predicted from the 6 p. m. dew oint is 

'ven for the same days, together m t h  the di ereiice 
retween the predicted and the actual temperatures. 
This shows that while a t  times the de oint and mini- 

be loo above or 7O below the actual temperatiirs. 
In  April and June the differences are not much greater 

than in May. In  December, January, February, and 
March there are few well-defked periods with conditions 
favorable for free radiation with hght wind. 

(u) Rules to be foZ1med.-When it is partly cloud in 

than the average. When a moderate wind is blowing 
this is also true, especially if the wind is from the north- 
west and 'there is an importation of cold air from that 

In all cases when there has been a warm southerly 
wind blowin6 with a comparative1 high temperature and 

useless to try to predict the minimum from the median. 
The temperature curve then takes the form of that on 
the night of May 9, 1913, as shown in figure 9. 

(w) S u g g e s h  for predicting minimum temperatures 
rnearas of the median for fmit  grmuers and ardeners.- 

%e afternoon median temperature is the ha%-way tem- 
perature between the maximum of the day and the 
minimum of the next morning. In  cloudy and stormy 
weather, or when strong southerly winds prevail, or when 
the wind is hi h from the northwest the time of the median 

predictions from it. 
This is especially true when, after ti period nf warm 

weather, the wind shifts to iiorthwest tint1 the tmiperrt- 

mum agree fairly closely, a t  other times w& t e variation may 

the evening the actual time of the median will be I ater 

point. 

the wind shfts to northwest wit z decidedly colder it is 

varies so muc % that no attempt should be made to make 

s to fall ra idly. This indicates the a roach 
ture of a coo wave or col !i wave, and the only possi Er e way 
to forecast the probable tem erature is from the daily 
weather maps. The orcharfist or gardener who has 
crops in a critical condition in the spring or fall when 
these conditions prevail should lose no time in getting 
into communication with the Woather Bureau officials 
at such times. 

leaves 32" as the probable minimum temperature during 
the night. 

The average time of this median temperature, even 
under conditions of clear skies and still air, will vary 
slightly at different seasons of the year and in different 
localities. 

In  central Ohio, outside of the cities, the average time 
of the evening median will be at about 7:15p. m. in 
April, 7:30 p. m. in May and June, 6 : 3 0 ~ .  m. in Septem- 
ber, and close to 6 p. m. in October an November. In  
.July it is about 7:30 p. m., and in August 7:OO 

' far as we are able to determine it is not fa r  rom 6:30 
p. ni. in December and 7:OO m. in January, February, 
and March, although our o %; ervations and studies are 
not very complete in the winter months. 

If a strong wind is blowing in the afternoon, or if it 
remains cloudy or part1 cloudy until evening and then 

minutes later than the averages above given. 
If i t  should cloud up dunng the nieht after a clear 

afternoon and evening, the minimum win not be so low as 
is indicated by the median. 

Records that are at hand indicate that the average 
time of median will be slightly later in the valleys than at 
higher elevatioqs. 

At Columbus, which represents a cit station, the 

variation between the earliest and lateat hours is greater, 
but the error macle by predicting the minimum from the 
average median is only slightly eater than at Delaware. 

(2) Instrutnents to be used.- f rohardish and gardeners 
should provide themselves with reliable self-registering 
maximum and minimum thermometers. They may be 
the separate thermometers, as shown in figure 2, the best 
of which coat about $S per air. These are the standards 
used by the United States beather Bureau. Or the two 
thermometers may be combined in one tube, as shown 
in figure 3. These cost about $5. They me somewhat 
easier to handle but are generally sluggish and not very 
accurate. 

These thermometers should be exposed in a thin lattice- 
work shelter so that there will be a free circulation of air 
around them. Chea er thermometers may be obtained, 

te~nperatmos. and t8hhen exposed in different parts of the 

P'"' so 

clears off, the time of t E e median will be from 30 to 45 

average time of median is later than at De Q aware, and the 

compared, and chec R ed with the standards at critical 
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FIG. 1.-Instruments shelter and instnunents at the special fruibfmst station at Dela- 
ware, Ohio. [Figure omitted.] 

FIG. Z.-Maximum and minimum thermometers on the Townsend suFrort _ _  -sed at Weather Bureau stations. 

FIG. 3.--Self-regis- 
teringmaximum and 
minimum thermom- 
et&: devised b 
James Six; Phi[ 
Traus.,London,l782. 

I -  

FIG. 5.-Thermograph, or self-registering thermometer, Bs used at many stations of the Weather 
Bureau. 

FIG. 6.-A view in the orchard of 0. H. Koeppel,.Delawsre, Ohio, at midnight, May 1, 
1914. [Figure omtted.] 

FIG. 7.-The Hamilton heaters in o eration.in the ex eriment station orchard at Woos- ter, &io. [Figure omi&ed.] 
FIG. S.-Troutman heaters m the orchards at Wooster, Ohio. [Figure omitted.] 
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FIG. 10.-Thermograph record of Yay 11-18,1914, at Delaware, Ohio. 

1 6  7 8 9 1 0 1 1 1 d  1 2  3 4 6 6 7 9 

FIG. 11.-Temperature change in an unheated and in a heated area in Iowa. FIG. 12.-Location of special fruit-frost stations in Ohio. 
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Apr.20 
FIG. 13.-Average dates of last killing frosts in spring in Ohio. RG. 14.-Average dates of first killing frost in autumn in Ohio. 

FIG. 15.-Average date of first bloom of apples in Ohio. FIG. 16.-Averege date of &st bloom of peaches in Ohio. 
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FIG. li'.-Daily Weather Map 8 a. m., A ril30 1914. Showing an area of high pressure with acool wave in thenorthwest that may be expwted to overspread Ohio in the. 
next 48 hours with genera\ frosts. T i e  link are drawn for equal barometer pressure. The arrows fly wlth the wmd, and show wmd direction. The symbols indl- 
cate state of weather: 0, clear; 0, partly cloudy; 0, cloudy; R, rain; s, snow. The Egures at the station shows Current temperature. 

FIQ. 18.-Daily Weather Map 8 a. m. May 1 1914. The hi h pressure area and cool wave is spreading southeastward and is causing frosts in Ohio. The lines are drawn for 
equal barometric pressde. Thd arroks show wind iirection and fly with the wind. 0, clear weather; 0, partly cloudy; 0, cloudy; R, rain; s, snow. The 
figures at the station indicate current temperature. Light, heavy, or killing frosts are indicated by frost, heavy, and killing. 
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FIG. 19.-Daily Weather Map, 8 a. m., Ma 2,1914. The high pressure area now overspreads Ohio and frosts are widespread. From now on the temperature will rise 
gradual1 as the high moves eastwar$ The lines are drawn for equal barometric pressure. Arrows show wind directions; symbols, state of weather; figures, 
current remperature; frost has occurred where the appropriate word is used. 
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orchard by.h 

where the sun will not strike them and where they wil1 
have a free circulation of air, but dways with a light ro- 

from the instrument itself to the shc or other ob’ect. A 
thermometer hung out in the open will, in t h e sun- 

g them against the tree or suspendi 
from the branc T ea. Thermometers should be expose 3 
tection over them to prevent too free radiation of P ieat 

a temperature much higher than that of tho 
and at night i t  will be several degrees colder 

of the air that surrou~~cls it. 
(y) Prospective extension of the frzr.it-frost Spl.fJi,CC aid 

warnin s&ce.---A few additional fruit-frost stations will 

regular and special “frost warning” service to any fruit 
section or market-gardening section in the State where 
action is being taken to protect from frost damage. 

be eat8 ! lished in Ohio and steps will be taken to give the 

VI. . .. --. AIR DRAINAGE EXPLAINED. 
By CHARLES FREDERICK MARVIN, Chief of Bureau. 

[Dated Weather Bureau, Washington, D. C., Nov. 20,1914.1 

1. Orchardista and others engaged or interested in api- 
cultural pursuits, as well as physicists and meteorologists 
often employ the expression “ air drainage” to designate 
certain festures of atmospheric circulation attending the 
0ccurrenc.e of frost durinm clear, still, cool nights in 
regions characterized b kill ancl valley conditions of 
topography. The popu r ar conception of the actual phe- 
nomenon rn uestion is often technically incorrect, and 
it seems wor% while, theiefore, to explain this articular 

&at forecasters interested in the issue of frost warnings 
and orchardists and others who are prepared to prevent 

measures may have a 
circulation. The 

s ecies of atmospheric circulation in some detai r; in order 

2. In  what follows an effort is made to clear1 describe 
the interesting type of circulation commonly i? esignated 
air drainage and to indicate the physical laws in operation. 

- -- -- 
1 Prof. W. R. Blair, In his Five Year Eummary of Free Air Data, Bulletin Mount 

Weather Obseawtory, 1913,O: llE-!#, devotes some space to the discussion of mouptsm 
and valley temperatures in the vicmity of Mount Weather, and very correctly indleatas 
the kind ofcjrculatirm that can occur In such regions. In the present paper I am appl ing 
the tarm *‘air drain I’ even thou h it be a misnomer, to the whole characteristm c&x- 
lat l~ofaIrmclearn fitsInhilla~~~valleyragiOns whemsPmf. Blah withoutspecific- 

waterllke now of air that may sometimes tahe place on relatively peni.le slopes. , 

ally declaring himsel 7 on the point m question, h& lirnfted his use of the term to a real 

The author realizes that the ex lanation of air drainage 

commonly entertained and found superficially discussed 
in even the best testbooks. This theory, nevertheless, is 
fallacious RS a plied to the conditions now under con- 
sideration, anc P will not stand critical analysis. It 
corn letely fails to esplain the development of the ver- 
ticafinversion of temperature. I t  asserts that R stream 
of cold surface air flows clown the slope, filling up the 
valley with frigid air. How can there be a themi! beZt 
011 the hillsides if such a water-like flow of cold air exists? 
How can the alleged water-like flow of cold surface air 
on the hillside kee one art of the hillside warm and 

air ? The reductio ad absurdum of this theory is bro 
out by the question: How can a stream of cold sa:: 

in a water-like fashion down a hillside produce 
a air region f lo~P ike the so-called thermal belt that is warmer 
than any other locality, and how can the same stream 
flowhg onwmd fill the whole valley below the thermal 
belt with frigid air S 

3. While great diversities prevail in the to ographic 
character of different regions causing correspon 8 ing modi- 
fications in thelocal circulation, yet the same general prin- 
ciples operate in all cases and a connected statement of 
the essential features under simple representative condi- 
tions will suffice. Consider, for example, an ordinary 
extensive valley, such as is to be found almost anywhere 
in n hilly, rolling country. The sides of the valley, as a 
rule, wd be relatively steep, especially as compared with 
the bottom or floor, which for the present urposes may be 
regarded as comparatively level, althoug 1 in fact it also 
slopos gently downward, as evidenced by the onward flow 
of a stream or river of water that may be found therein. 

4. Observations tell us that during clear, still ni ht5 val- 
leys of this character a 1  up to a considerable dept B with a 
great riverlike mass of cold sir. The temperature is low- 
est at the bottom, increasingly warmer at intermediate 
layers and warmest a t  the surface of the aerial river. 
Above the river the temperature of the air decreases more 
or less ra id1 with increase of elevation. The term “air 
drainage’ f&n the present point of view, is the name 
assigned to the local circulation that is able to create and 
to build u during a nighttime a deep river, or lakelike 
mass of co r d air similar to that just described. 

5. We may for a moment consider another species of air 
drainage, namely, the sluggish flow of the whole river of 
cold air down the ilearly level floor of the valley on ih way 
to the sea. This slug ish flow does take place and is fairly 
like that of water. h o  in the afternoons and early even- 
ings, while the surface air is still warm and the surface 
temperature gradient is not as yet stro ly nonadiabatic, 

may somewhat resemble the flow of water on the same 
slopes. Nevertheless, both the slug ’sh flow of the river 
of cold air and the waterlike flow 8 ortions of surface 

tively unimportant speciew or aspects of air drainage and 
need no further mention here. 

6. In order to fully understand the circumstances lead- 
ing to the formation of the river of cold air, it is necsssaq 
to begin with a brief account of the condition of the 811: 
in and over the valley during the preceding day and 
incidentally to explain the significance of the adiabatic 
relation of atmospheric temperatures. 

7. In the course of a bright, sunshiny day with little or [ no wind, the free air occupying the lower strata of the 
&atmosphere for a depth of one or two thousand feet or 
&‘more, IS practically in adiabatic equilibrium, which means 

now offered is at variance with t E e water-like-flow theory 

yet fill the whole va F f  ley be ow this level with much colder 

the flow of cooling surface air even on I% t e steeper slopea 

air in the afternoons constitute for t rl e orchardist rda- 


